The green turtle Chelonia mydas as a marine and coastal environmental sentinels: anthropogenic activities and diseases Tartaruga-verde, Chelonia mydas, como sentinela do ambiente marinho e costeiro: atividades antrópicas e enfermidades 
Introduction
Globally, seven species of sea turtles inhabit a diversity of ecological niches in nearly all oceans, including the pelagic leatherback (Dermochelys coriacea) and olive ridley (Lepidochelys olivacea) to neritic green turtles (Chelonia mydas), hawksbill (Eretmochelys imbricata), loggerhead (Caretta caretta), Kemp´s ridley (Lepidochelys kempii) and flatback turtles (Natator depressus) KARL, 2007) . The biological (e.g. sexual maturity, body length and morphology) and ecological features (e.g. population size and trends) of each species and different intra-specific populations exhibit geographical variations (WALLACE et al., 2011) . Despite this wide range and high variability, all species except N. depressus are endangered to some degree, and are listed in the IUCN Red List of Threatened Species due to direct or indirect impacts caused by human activities. These species demonstrate low population recovery, especially because of their long generation time (IUCN, 2017) .
Along the Brazilian coast, five species of sea turtles -except L. kempii and N. depressus -are listed as being of concern and facing the same threats as above (ICMBio, 2014) . Chelonia mydas (Figure 1 ) specimens are frequently observed in feeding areas, or found stranded throughout estuarine and coastal areas (SANTOS et al., 2011) , and they mainly originate from rookeries off Ascension Island (South Atlantic Ocean) (LUSCHI et al., 1998) . The foraging grounds are also used by mixed-genetic stocks, grouping animals from Central America, Trindade Island, and Rocas Atol (PRITCHARD, 1976; TROËNG, 2001; NARO-MACIEL et al., 2012 , 2014 . The distance from Ascension Island to the Brazilian coast is about 2,300 km, but distances as far as 5,000 km and 5,300 km have been traveled from Costa Rica and Nicaragua (LUSCHI et al., 1998; LIMA et al., 1999; TROËNG, 2001) .
The wide migration of C. mydas between oceanic areas during the early years of life, and coastal and estuarine areas in late juvenile stages until adulthood, implies that several potential impacts are faced simultaneously, including (i) seasonal variations and changes in food availability, (ii) physiological changes during their ontogenetic development (e.g. gradual shift from an omnivorous to herbivorous diet) and (iii) different impacts caused by human activities and contact with pathogens (FLINT, 2013; SANTOS et al., 2015) . Therefore, C. mydas is considered an environmental sentinel that can indicate hazards and which ultimately can be used to support priority actions to address intervention to maintain or improve the environmental quality and animal's health across regional and global scales (AGUIRRE; LUTZ, 2004; REIF, 2011) .
Considering the above, our aim was to review the hazards and health problems of C. mydas associated with human activities, and infectious or parasitic diseases, with special attention to cases reported along the Brazilian coast.
Mortality and morbidity of Chelonia mydas associated with human impacts
Human activities directly or indirectly affect the morbidity and mortality of C. mydas. Such impacts include: bycatch by active or abandoned, lost or otherwise discarded fi shing gears; boat collisions; environmental contamination and dissemination of pathological agents from domestic, agricultural and industrial run-offs; debris ingestion; and habitat loss, with consequent alterations of nesting and feeding areas (HARVELL et al., 1999; FLINT, 2013; SCHUYLER et al., 2014a SCHUYLER et al., , 2014b GAMA et al., 2016) . Bycatch (i.e. incidental capture by marine fi sheries targeting other species) is recognized as one of the main contributors towards the decline of sea turtles worldwide, including C. mydas, and affects animals in all developmental stages across feeding, migratory and reproductive areas (WALLACE et al., 2011; LEWISON et al., 2013) . The estimates of population sizes, fi shing effort and bycatch rates in different areas indicate that more animals are being removed than recovery rates can support CASALE; HEPPELL, 2016) . The impacts of bycatch might be even worse than available estimations, because this varies in space and time, and individual populations can interact with multiple fi shers across their range .
Bycatch can cause death directly or indirectly, by causing trauma and secondary cutaneous infection, impaired swimming and feeding when fishing nets/lines or hooks attach to the body or within the digestive tract ( Figure 2A) ; or cause intussusception and intestine rupture with secondary bacterial infection (ORÓS et al., 2005; WORK et al., 2015a; NELMS et al., 2016) . However, the effects of these indirect impacts are rarely evaluated since they include uncertainties that inhibit robust diagnoses. The pathological findings of confirmed bycaught C. mydas have demonstrated lung edema ( Figure 2B ), atelectasis and emphysema, linear net marks on the skin ( Figure 2C ), muscular necrosis, and hemorrhage in the celomatic cavity PHILLIPIS et al., 2015) . A detailed internal examination is necessary during the diagnosis of suspected cases of drowning, because external findings, such as net marks, are not always apparent (WORK et al., 2015a) .
Another consequence of fishing is decompression sickness (barotrauma), which has been observed in bycaught loggerhead turtles (C. caretta) which were rapidly dragged to the surface from depths of between 10 to 75 m. The living animals were comatose, hyperactive or developed progressive neurological symptoms, and some specimens were recovered dead (GARCÍA-PÁRRAGA et al., 2014) . The ultrasound and post mortem examination revealed intravascular gas bubbles in the lungs, liver, kidney, spleen, mesentery, heart -with greater prevalence in the right atrium than the left, major vessels, and perivascular edema and hemorrhage in different tissues (GARCÍA-PÁRRAGA et al., 2014) . Although information describing decompression sickness in C. mydas is scarce, two fresh C. mydas carcasses found stranded in the state of Paraná, southern Brazil, demonstrated copious bubbles in the heart and major vessels ( Figure 2D ). Along the Brazilian coast, bycatch is also the main threat to C. mydas conservation, and affects animals in both coastal and oceanic areas (GALLO et al., 2006; PUPO et al., 2006; SALES et al., 2008; SANTOS et al., 2011; FIEDLER et al., 2012; LÓPEZ-BARRERA et al., 2012; MONTEIRO et al., 2016) . The high density of small-scale fisheries overlaps coastal areas used by juvenile C. mydas. Ethnobiological analyses in the state of Santa Catarina and Paraná, southern Brazil, indicate that geographic area, depth and the mesh size of nets are associated with increased bycatches in feeding areas (PUPO et al., 2006; LÓPEZ-BARRERA et al., 2012) .
Another anthropogenic impact is vessel collision which may cause trauma, crushed tissues and hemorrhaging, usually at the carapace, plastron and head, and even flipper amputation (ORÓS et al., 2005) . Such impacts can lead to death or disorientation, debility, and may cause secondary infectious diseases, especially in the lungs and kidneys, located next to carapace and spine. Injuries caused by boat collision are visually similar to lesions caused by dredging activities . Dredging is the excavation and removal of sediment from the seafloor, e.g. around ports, to deepen and widen navigation fairways (TORRES et al., 2009) . During active dredging operations, the hopper dredge dragheads are slow-moving (and nearly silent while suctioning sediments), and can potentially cause sea turtle injuries or death, as observed in C. mydas stranded dead next to dredging areas off Rio de Janeiro, southern Brazil (GOLDBERG et al., 2015) .
Another associated impact is marine pollution, which is linked to the harbor, agriculture, industrial and domestic wastewaters with persistent organic compounds such as polychlorinated biphenylsPCBs, dichlorodiphenyltrichloroethane -DDTs, and trace elements like arsenic, lead and zinc (ISLAM; TANAKA, 2004) . These compounds are present in water bodies or attached to sediments and may resuspend during erosion, rain loading, upwellings or dredging activities (ISLAM; TANAKA, 2004; TORRES et al., 2009) . Environmental xenobiotics may bioaccumulate and be biomagnified in C. mydas according to their diet, age, body length, geographical area and also the tissue that is analyzed (GAUS et al., 2012; KELLER, 2013) . Age, body length, diet and chemical pollutant levels have been associated with ontogenetic shifts in C. mydas, from greater levels in hatchlings to early juveniles that have an omnivorous diet, than late juveniles and adults that have a primarily herbivorous diet, and consequently a lower contaminant intake (LABRADA-MARTAGÓN et al., 2011; SILVA et al., 2016) . Additionally, chemical levels may vary according to the geographical area, natural enrichment of trace elements and feeding preferences, and also as a result of overlapping anthropogenic activities and residence patterns of C. mydas (LABRADA-MARTAGÓN et al., 2011; BEZERRA et al., 2015) .
One example of the above impacts involves C. mydas juveniles sampled in two feeding areas in the state of Ceará and the state of Bahia, in northeastern Brazil. These individuals demonstrated mean trace element levels of mercury, aluminum, cadmium and lead similar to highly impacted areas such as China, Australia and Japan, and are among the highest along the Brazilian coast (BEZERRA et al., 2015; MACÊDO et al., 2015) . One of those areas in Bahia is considered an industrialized and populated area with consequently a raised level of environmental contamination, but the studied area in Ceará is considered pristine with a low mercury baseline (BEZERRA et al., 2015) .
The knowledge of contaminant levels and associated risks of adverse effects are still scarce for sea turtles (GAUS et al., 2012) . Trace elements and organic contaminants are relatively low in C. mydas tissues and blood samples compared to other vertebrates (GAUS et al., 2012) . Nevertheless, trace elements like lead, copper, and iron have been associated with altered blood patterns and oxidative stress parameters that possibly affect the dynamics of tumor pathogeny . Conversely, no consistent pattern of organic contaminant levels was observed to explain the difference between healthy and tumor-affected C. mydas in Brazil (SANCHEZ-SARMIENTO et al., 2017) . The knowledge of those concentrations is still needed to obtain a better understanding of the cause-and-effect relationships of environmental contamination and C. mydas health parameters (KOMOROSKE et al., 2011) .
Controversially, the consumption of turtle products (meat, eggs, organs and blood) by humans has been raising concerns for public health, including organic and inorganic toxic contamination and potential zoonotic diseases (WARWICK et al., 2013) . Although consumption is widely illegal, including in Brazil, there have been several poisoning outbreaks caused by sea turtle meat and egg ingestion, mainly observed in the Indo-Pacific region, especially Madagascar, Malay Archipelago, Sri Lanka, Cambodia, southerm India and French Polynisia (FUSSY et al., 2007; SANTOS et al., 2011) . The turtle-endemic biotoxin, chelonitoxin, has not been identified, but investigations suggest that it is derived from certain species of invertebrates or algae in the diet of sea turtles and can cause nausea, vomiting, pain, polyarthralgia, drowsiness or psychomotor agitation, multiorgan failure, coma and ultimately death in humans (FUSSY et al., 2007; HADDAD JÚNIOR, 2016) . Furthermore, levels of trace elements and organic compounds in sea turtle tissue have exceeded international food safety standards with possible toxic effects, including neurotoxicity, cancer, and developmental effects, especially in fetuses and children (AGUIRRE et al., 2006) .
Marine debris, such as flexible and hard plastics, fishing lines, rope, and Styrofoam are another type of marine pollution and can cause death or sub-lethal effects to sea turtles worldwide, particularly C. mydas (SCHUYLER et al., 2014a) . Debris ingestion may occur passively when it is mixed with normal dietary items or actively when it visually resembles prey items, in addition to the conceivable smell and taste due to the microbial biofilm formation on plastic items (NELMS et al., 2016) . Sea turtles are visually selective in what they eat but highly flexible and translucent items, like plastic bags, are easily misidentified and consumed (SCHUYLER et al., 2014b) .
Ingested debris has been shown to remain inside in the digestive tract of captive C. mydas from between at least few days to four months (LUTZ, 1990) and possible consequences are reduction of absorption efficiency, absorption of plasticizers (such as bisphenol A and phthalates, considered potential endocrine disrupters), perforation and obstruction of the gastrointestinal tract, inanition that may lead to reduced growth and reproduction rates, vulnerability to predation and death (BJORNDAL, 1997; SCHUYLER et al., 2014a; NELMS et al., 2016) . Marine debris also includes abandoned, lost or otherwise discarded, fishing gears that entangle sea turtles and cause abrasions, flipper amputation or a reduced ability to forage due to drag. All of these impacts may lead to starvation or drowning (NELMS et al., 2016) .
Although the source of debris ingested by C. mydas can be geographically different from the stranding area, the frequency of marine debris seems to vary per sampled region and life stage (SCHUYLER et al., 2014b) . The frequency of juveniles stranded with ingested debris in Uruguay (South America) has been estimated at 73%, but reached 90% in Rio de la Plata -for both margins (Uruguay and Argentina/ GONZÁLEZ-CARMAN et al., 2014; TERYDA, 2015) . Similarly, high frequencies of debris ingestion were observed along the Brazilian coast, and varied from ~60% to 100% in Rio Grande do Sul, southern Brazil (BUGONI et al., 2001; TOURINHO et al., 2010) , 70% in Paraná state, southern Brazil (GUEBERT- BARTHOLO et al., 2011; GAMA et al., 2016) , from 45% to 70% in São Paulo state, southeastern Brazil (BEZERRA, 2014; MENDES et al., 2015) , ~60% from Rio de Janeiro to Espírito Santo state, southeastern Brazil (DiBENEDITTO; AWABDI, 2014; SANTOS et al., 2015) and 70% in Sergipe state, northeastern Brazil (SANTOS et al., 2015) . It is interesting to note that the large frequencies of debris ingestion observed in Uruguay, Argentina and Brazil are a warning for the conservation of C. mydas, because these areas are considered to be part of an important migratory corridor in the southwestern Atlantic Ocean.
The type and severity of lesions associated with debris ingestion are poorly documented. In some areas cited above, death rates can vary from 0 to 29%. Only 0.5 g of debris is enough to obstruct the intestine and lead to starvation and ultimately, death (BUGONI et al., 2001; TOURINHO et al., 2010; SANTOS et al., 2015) . Other negative impacts of marine pollution are obstacles that create difficulties for (i) females to select an ideal site to nest and (ii) hatchlings to travel from the nest towards the sea, with consequently a greater vulnerability to predation and grounding at nesting beaches, and (iii) eggs permeability and/or temperature alteration, which can influence dehydration and sex ratio, since sea turtles are sex temperature-dependent (NELMS et al., 2016) .
Mortality and morbidity of Chelonia mydas associated with infectious and parasitic diseases
The infectious and parasitic diseases in captive and free-ranging sea turtles include a great variety of pathogenic agents, particularly zoonotic and often opportunistic pathogens, which are found in their diet and environment (LAUCKNER, 1985; GLAZEBROOK; CAMPBELL, 1990a; ORÓS et al., 2005; FLINT et al., 2010; WORK et al., 2015a) . Evaluating the severity of a disease and the causal relationship with the death of an organism is complex since infectious and parasitic agents are inherently present in wild animals (WOBESER, 2007) . For this topic, we therefore only considered information about pathogens related to diseases and/or secondary findings in C. mydas.
Fibropapillomatosis (FP) is a chronic disease characterized by multiple cutaneous or visceral tumors in sea turtles, mainly juvenile C. mydas, in tropical coastal areas worldwide LUTZ, 2004; GREENBLATT et al., 2005) . The neoplasia is benign, but according to size, number and distribution, the tumors may impair vision, diving, and feeding, due to growth on eyelids, axillar and inguinal areas, flippers and mouth (HERBST, 1994) ( Figure 3A) . In Brazil, the prevalence of cutaneous tumors varies greatly from an absence on individuals at nesting islands far from the coastline to 61.7% among those at the coast of southeastern Brazil (DOMICIANO, 2016).
The visceral tumors are observed in the lungs, kidneys, heart, skeletal muscles, gastrointestinal tract, and spleen, with a diameter of 0.1 to 20.0 cm and are classified as fibromas, myxofibromas or fibrosarcomas of low-grade malignancy (HERBST, 1994; WORK et al., 2004) . Internal tumors may impair the functions of organs and increase the vulnerability of turtles to secondary infections and dehydration, leading to debilitated health or death (WORK et al., 2004; FLINT et al., 2009 ). The cases of visceral tumors in C. mydas along the Brazilian coast include fibromas in the kidneys, lungs, and heart (BAPTISTOTTE, 2007; DUTRA et al., 2012) , but the frequency of these tumors might be lower in Brazil than other areas, such as Hawaii, where internal tumors have been observed in 39% of necropsied animals (WORK et al., 2004; BAPTISTOTTE, 2007; DUTRA et al., 2012) .
Although FP occurs globally, the etiological agent and the transmission remain undetermined, but the Chelonid herpesvirus 5 (ChHV5) DNA is often detected in tumors from different sea turtle species and regions, and is the most commonly accepted agent (DOMICIANO et al., 2013; WORK et al., 2015b; JONES et al., 2016) . Recently, ChHV5 DNA was also detected in saliva and ocular secretion of FP-affected C. mydas in southeastern Brazil, and added to skin contact, it represents another possible pathway for virus shedding (MONEZI et al., 2016) . Fibropapillomatosis is associated with the life cycle of C. mydas, because tumors are observed in postrecruitment juveniles and adults in neritic areas but is absent in oceanic areas (ENE et al., 2005; JONES et al., 2016) . Some environmental factors, such as high levels of contamination, water temperature and concentration of viral strains in neritic areas have been associated with FP (HERBST, 1994; SANTOS et al., 2010; RODENBUSCH et al., 2014) .
Other observed skin diseases in C. mydas include whitish and small lesions that microscopically presented epidermis hyperplasia with severe parakeratotic hyperkeratosis and intranuclear inclusion bodies identifi ed as Chelonia mydas papillomavirus (CmPV) (MANIRE et al., 2008) . After several months, the lesions were slough, leaving a dark, slightly raised periphery with a slightly sunken center which eventually disapeared completely (MANIRE et al., 2008) . These lesions were similar to other reptile lesions and resembled very early papillomavirus lesions in mammals, but typically lobulated, pedunculated growths were not observed (MANIRE et al., 2008) . Papular dermatitis -also known as gray-patch disease -associated with herpesvirus and lacerative dermatitis associated with secondary bacterial infections were observed in captive animals (GEORGE, 1997; GLAZEBROOK; CAMPBELL, 1990a) . The benign form of graypatch disease included numerous nonspreading papules or pustules, but other cases demonstrated rapidly spreading gray lesions with raised edges, which represent areas of superficial maceration that sometimes envolved the entire turtle and for juveniles could cause death (GEORGE, 1997) . Ulcerative dermatitis and fibrosis were also associated with parasite leeches and the contact of barnacles or a consequence of trauma (due to biting) in both free-ranging and captive animals (LAUCKNER, 1985; SANTORO et al., 2007; FLINT et al., 2009) . The severity of lesions may vary according to distribution and ectoparasite load, but severely affected animals demonstrated anemia and extensive dermatitis which could facilitate secondary bacterial and fungi infections (GEORGE, 1997; FLINT et al., 2009 ).
Any respiratory lesions of C. mydas are usually detected clinically when the animal presents nasal discharge, inappetence, lethargy, lung crackling and impaired balance control (LAUCKNER, 1985; ORÓS et al., 2005) . The obstructive rhinitis-ulcerative stomatitis-bronchopneumonia has been a main disease involving upper and lower respiratory tract in captive C. mydas, with bacterial infection including Vibrio alginolyticus, Aeromonas hydrophila, Pseudomonas fluorescens and Cytophaga-Flavobacterium. Granulomatous pneumonia associated with Mycobacterium spp. and fungi ( Figure 3B ) like Paecilomyces spp. have also been detected in captive animals (BROCK et al., 1976; GLAZEBROOK; CAMPBELL, 1990a) . Other diseases in captive C. mydas include necrotic tracheitis and severe pneumonia associated with herpesvirus infection (JACOBSON et al., 1986) . Granulomatous tracheitis was observed in freeranging C. mydas associated with fungi Veronaea botryosa, Cladosporium spp., Ochroconis spp. and Cochliobolus spp. (DONNELLY et al., 2015) , and similar to captive animals, pneumonia associated with a Mycobacterium spp. infections were observed in free-ranging animals (FLINT et al., 2010) .
In Brazil, a severe granulomatous pneumonia associated with Spirorchiid trematode probably caused the death of a C. mydas stranded in Santa Catarina state (GOLDBERG et al., 2013) . In other cases, parasitic pneumonia and splenitis caused by trematode eggs were frequently observed in stranded C. mydas in Espírito Santo state, but were not linked with any animal's death (BINOTI et al., 2016) , suggesting that different levels of susceptibility vary according to parasitic burdens and the intensity of infection.
Lesions of the cardiovascular system in C. mydas are frequently associated with trematode flukes and eggs of the family Spirorchiidae (STACY et al., 2010) . The parasites can attach to the inner surface, or remain free within the cardiac chambers and vessels and are disseminated in the circulation to various organs like spleen, thyroid, gastrointestinal tract, lung, kidney and brain (GORDON et al., 1998; SANTORO et al., 2007; STACY et al., 2010) . Associated gross and histological lesions can include mural necrotizing endocarditis, arteritis, thrombosis -frequently accompanied by aneurism formation, infarcts, granulomatous infection and hemorrhage (GORDON et al., 1998; SANTORO et al., 2007; FLINT et al., 2009) . The eggs are classified as: type 1 -elongate and present two processes, one of which is frequently hooked -resembling eggs of the genus Learedius, Monticellius and Hapalotrema; type 2 -ovoid with a sharp short terminal process -resembling eggs of the genera Carettacola and Haemoxenicon; and type 3 -smaller and rounder than other types and lack a process -resembling eggs of the genera Neospirorchis (WOLKE et al., 1982) .
Observations of good physical condition and mild necropsy findings in C. mydas infected with spirorchiidiasis rescued off Florida/USA, Costa Rica and Taiwan indicate that spirorchiidiasis represented secondary lesions and not the main cause of death (SANTORO et al., 2007; STACY et al., 2010; CHEN et al., 2012) . Conversely, C. mydas rescued in Hawaii and Australia demonstrated poor body condition, severe lesions and high parasitic burdens that may have led to their death (GORDON et al., 1998; . Both the cause of death and secondary lesions have been associated with Spirorchiidae parasitosis in Brazil (GOLDBERG et al., 2013; WERNECK et al., 2015a; BINOTI et al., 2016) . Therefore, continuous monitoring covering different geographic regions and identification of parasitic species may contribute towards a better understanding of associated pathologies or death and variation according to C. mydas age and nutritional status (GORDON et al., 1998; STACY et al., 2010) . Cardiac fibromas were also observed in a C. mydas stranded in southeastern Brazil (DUTRA et al., 2012) .
Gastrointestinal lesions observed in C. mydas include esophagitis associated with the trematode Rameshwarotrema uterocrescens (Digenea: Pronocephalidae) (SANTORO et al., 2007) , and caseous stomatitis and fibronecrotic esophagitis due to hook ingestion and perforation associated with secondary infection by Vibrio alginolyticus, Aeromonas hydrophila, Pseudomonas spp., Escherichia coli and Staphylococcus spp. (ORÓS et al., 2004) . Caseous esophagitis was also associated with bacteria gram positive and trematode infection (Pronocephalidae, Microscaphididae, Cladorchiidae and Rhytidodidae) in C. mydas from southeastern Brazil. In these cases, 24.3% of C. mydas presented total esophageal obstruction (CALAIS JÚNIOR, 2015) .
Noted gastric lesions for C. mydas include petechia, mucosal hyperplasia, and necrosis associated with trematodes Charaxicephaloides spp. and Charaxicephalus robustus (Digenea: Pronocephalidae) (SANTORO et al., 2007) . The nematode Sulcascaris sulcata is occasionally observed in C. mydas, including a case in Brazil (FREITAS; LENT, 1946), which was infected while feeding in areas with mollusks, which are possibly intermediate hosts (LICHTENFELS et al., 1978) . Sulcascaris sulcata can cause ulcers, fibrinopurulent gastritis and chronic gastritis (LAUCKNER, 1985) . Nematodes of the family Anisakidae -Anisakis simplex and A. typica -were also observed associated with hemorrhagic ulcers, gastritis and cystis in serosa in captive (BURKE; RODGERS, 1982; GLAZEBROOK; CAMPBELL, 1990a) and in a free-ranging C. mydas in Brazil (XAVIER, 2011) . The transmission possibly occurred by the ingestion of infected fish, and because the Anisakis spp. migrates through the celomic cavity, they may cause tissue fibrosis and granulomas (GLAZEBROOK; CAMPBELL, 1990a).
The intestinal diseases in C. mydas include intussusception, rupture and lumen obstruction, catarrhal enteritis, fibrinous and necrotizing enteritis, abscesses and granulomas, fibrinous serositis associated with bacterias such as Bacillus spp., Escherichia coli, Pasteurella spp., Proteus spp., Serratia marcescens, Staphylococcus spp., Streptococcus spp. and Vibrio alginolyticus (ORÓS et al., 2005; FLINT et al., 2009; WORK et al., 2015a) . Parasites are frequently observed in C. mydas intestines, although few studies have conducted systematic evaluations of lesions associated with parasite presence, like severe exudative enteritis associated with the protozoa Charyospora cheloniae outbreaks in captive and free-ranging animals (GORDON et al., 1993; FLINT et al., 2009; CHAPMAN et al., 2016) or thickness of intestine wall with whitish or black areas ( Figure  3C ) with edema, enteritis and granulomatous vasculitis associated with Spirorchiidae trematode and bacteria and fibrinous-hemorrhagic serositis associated with bacilli gram negative (RAIDAL et al., 1998; SANTORO et al., 2007; FLINT et al., 2010; WORK et al., 2015a) .
The hepatic lesions in sea turtles are usually nutritional -lipidosis -observed in cachectic animals or a consequence of metabolic and endocrine dysfunctions (FLINT et al., 2009) . Infectious hepatitis in C. mydas includes granulomatous infiltrate and necrosis associated with Spirorchiidiasis, fungi or bacterial infections (RAIDAL et al., 1998; FLINT et al., 2009; STACY et al., 2010; WERNECK et al., 2015b; WORK et al., 2015a) . It is interesting to note the distribution and intensity of melano-macrophages in the liver. These leucocytes are usually found in the liver of reptiles, amphibians and fish, but may vary according to phagocytosis effort of old red blood cells, as infectious and parasitic agents (JOHNSON et al., 1999) . An in vitro study demonstrated that the melano-macrophages of sea turtles have greater phagocytic activity against the target E. coli at low temperatures (2-7ºC) in comparison with mammal macrophage, increasing the immune defense of pecilothermic sea turtles (JOHNSON et al., 1999) . The hyperplasia and hypertrophy evaluation of melano-macrophages may reflect the severity of unspecific lesions as chronic infection and stress (FLINT et al., 2009 ).
The gallbladder lesions include hyperplasia and mucosa thickness, lymphocytic infiltrate, capillary and lymphatic vessels dilation associated with the trematode Rhytidodoides similis (SMITH et al., 1941; SANTORO et al., 2007) . Bile usually has a dark green color, but it may change to a crystalline or thick appearance in the presence of parasites (FLINT et al., 2009) . Mild granulomatous hepatitis and trematode R. similis were observed in the gallbladder of a C. mydas in Espírito Santo state, in southeastern Brazil (WERNECK et al., 2015b) .
Lesions in the genitourinary system include renal fibroma in FP-afflicted animals, degeneration and tubular necrosis, granulomatous nephritis ( Figure  3D ) and chronic interstitial nephritis associated with the protozoa C. cheloniae and trematode eggs (LAUCKNER, 1985; WORK et al., 2004; STACY et al., 2008; FLINT et al., 2010) . Degeneration, necrosis and granulomatous nephritis caused by calcium oxalate crystals were also observed . Other findings include edema and mucosal hyperplasia, serositis and granulomatous cystitis and oophoritis associated with trematodes (LAUCKNER, 1985; FLINT et al., 2009 FLINT et al., , 2010 .
Lesions obsereved in the central nervous system include granulomatous meningoencephalitis and abscess associated with gram negative bacteria, Corynebacterium spp., adults and eggs of trematodes and the protozoa C. cheloniae (GEORGE, 1997; RAIDAL et al., 1998; FLINT et al., 2009) . Enophtalmia associated with dehydration, keratoconjunctivitis and blepharitis associated with post-trauma bacterial infection were observed in the eyeball of captive C. mydas. Other findings include fibrinous keratitis, fibropapillomas and leech parasitism in eyelids (FLINT et al., 2009 ).
Cutaneous and mucosal traumas and water inhalation of sea turtles provide opportunities for bacteria and fungi to enter, and may lead to systemic infections or septicemia (GEORGE, 1997; WORK et al., 2003) . Gram negative bacteria observed in abscesses of multiple organs have been associated with septicemia in C. mydas (WORK et al., 2015a) . Bacteremia has also been associated with Citrobacter freundii, Burkholderia capacia, Shewanella putrefasciens, Staphylococcus sciuri, Salmonella spp., Moraxella spp., Bacillus spp., Escherichia coli, Aeromonas spp., Pseudomonas spp. and Vibrio spp in both living and dead, and captive and freeranging C. mydas (GLAZEBROOK; CAMPBELL, 1990a CAMPBELL, , 1990b RAIDAL et al., 1998; WORK et al., 2003) .
Disseminated infections can also occur as secondary diseases, observed in cases of FP and moderate-to-severe parasitosis (RAIDAL et al., 1998; WORK et al., 2003) . The ulcers in fibropapillomas and vascular lesions caused during parasite egg migration are possible dissemination routes of bacteria into the bloodstream which, in addition to the primary disease, can undermine the immune system of sea turtles (RAIDAL et al., 1998; WORK et al., 2003) .
Conclusions
Scientific studies about parasitic and infectious diseases and human threats to sea turtle conservation have been increasing in the last few decades. This effort is possibly a result of improved diagnosis technology, a greater level of anthropogenic impacts on marine ecosystems, and a management and scientific coalition to increase the conservation effort. In Brazil, there are few studies monitoring diseases such as FP and parasitosis, especially studies investigating causes of death in C. mydas are scarse. Additionally, there are hardly any studies investigating how human activities are affecting individuals and their populations. The impacts that affect C. mydas and its habitat are synergistic, and the medium-to-long term consequences for the conservation of this species are still not measurable. This uncertainty combined with high mortalities has caused this species to be rated as 'Vulnerable' by the IUCN. Given the current scenario, sea turtle monitoring and health assessments, such as the systematic investigations of diseases and causes of death, should be continuous, including macroscopic, histopathological, chemical and molecular exams to identify pathogens and destructive health effects. This information will provide a knowledge base to support appropriate coastal management decisions, and to target future research topics in order to optimize C. mydas conservation. 
